Summary This study evaluates whether, on the long run, in patients born with a giant omphalocele, the liver and other solid organs reach their normal position, shape, and size.
Introduction
An omphalocele (OC) is a congenital abdominal wall defect at the umbilicus, which can in most cases be closed primarily. More difficult is a giant omphalocele (GOC), defined as an abdominal wall defect larger than 4 cm and the liver partly extruded in the omphalocele.
Neonates with GOC often have a small underdeveloped peritoneal cavity with a high degree of viscera abdominal disproportion that can prohibit save primary closure. Placing the abdominal contents under pressure leads to an abdominal compartment syndrome with reduction of cardiac output, hypotension and hampered renal perfusion, and often leads to postoperative respiratory failure by the elevation of both diaphragms. Therefore, primarily, nonoperative approach is recommended by several authors, leaving the organs up front in an uncorrected position. Secondarily, the defect can be closed by several different techniques with reposition of the liver and bowel into the abdominal cavity [1, 3, 4, 6-8, 11, 16] . There is little information on the position and size of the liver later in life in patients with GOC [17] . In case the liver is ventrally (medial) located, there is an increased risk for liver rupture in case of an abdominal trauma. In addition, for acute abdominal operations, and in case of pregnancy, the position of the liver could be important. The aim of this study is to investigate if the liver and other solid organs eventually migrated to their normal position, regaining their normal shape and size. Furthermore, special attention was paid to the presence of the natural protection of the liver by the chest wall and the strength of the abdominal wall in case of an 'unprotected' liver.
Materials and methods
Between 1970 and 2004, 22 (nine males and 13 females) surviving patients with GOC were treated at the Radboud University Nijmegen Medical Centre. All patient records, operative reports, and office notes were retrospectively reviewed.
Patients were treated either surgically or conservatively. Initial operative treatment was divided into primary or staged closure of the abdominal wall defect. Initial nonoperative treatment consisted of covering the omphalocele after birth with dry sterile dressings until it was fully epithelialized, and liver and bowel were partly migrated into the abdomen by gravity. Later in life, the abdominal defect was either closed, or an incisional hernia was accepted.
The addresses of the patients were traced, and they were subsequently asked in writing to participate in this study. After informed consent was obtained, the patients were seen at the outpatient clinic. Patient's characteristics, medical history, use of medication and physical examination, anthropometry (weight, height, and body mass index (BMI)), and a digital picture of the abdomen (anterior and lateral) were collected. The sonographic measurements of organ size were performed with a real-time parallel ultrasound (Toshiba Aplio XG, using a curved 3.5 MHz and linear 8.0 MHz probe). All patients were investigated in supine position. Determination of liver size was calculated by measuring the craniocaudal liver extension in three standardised section planes: anterior axillary line (AAL), medioclavicular line (MCL), and sternal line (STL) (Fig. 1 ) [5] .
Index liver size (ILS) was calculated by the following formula;
. The grade of unprotected liver was defined as the number of centimetre of the liver beneath the chest boundary at section planes AAL, MCL, and STL. The spleen size was measured by the largest section area in the longitudinal and transverse plane (Fig. 1 ). All measurements were repeated three times, and the mean score was recorded as the absolute value. The position of the liver (normal/abnormal position; unprotected liver yes/no; number of centimetre beneath ribcage at section planes AAL, MCL, and STL; thickness of abdominal wall (mm) of unprotected liver), position spleen, kidneys, and the presence of an incisional hernia were recorded.
For peer group reference, the results were compared with a control group (after informed consent), matched for gender, age, and BMI. Significance testing for discrete variables was performed with the Fisher's exact test when appropriate. Student's t test was used for comparing means.
Reported p values are two-sided. The p<0.05 was considered statistically significant. All analyses were two-sided and conducted using SPSS software (version 16.0; SPSS, Inc., Chicago, Illinois, USA).
Results
Of the 22 patients, 18 patients in the age from three to 29 years could be traced of whom one did not want to participate in the study. The remaining 17 could be included and underwent physical and ultrasonographic examination. Patient's demographics and those of control group showed 12 females and five males in both groups. Median age was 13.3 vs 15 years (range 4-30) and median BMI was 18.4 vs 17.1, respectively (range 13-32). Physical examination did not correlate well with ultrasonography. In only four patients, the liver was palpated during physical examination in contrast to ultrasonography of which all patients had a partly unprotected liver (beneath chest boundaries). Hernia of the abdominal wall was detected during physical examination in nine patients vs 11 hernias that were detected during ultrasound. No correlation was found between patients treated for GOC with primary vs staged closure and presence of hernia (7/12 vs 3/4). In ten out of 11 patients with an incisional hernia, the liver was located underneath the abdominal defect which explained the absence of protrusion of small bowel or fat tissue through the abdominal wall defect during physical examination. The results of the measurements and observations of ultrasound are shown in Table 1 . The size of the liver (ILS) was larger in the GOC group (p=0.01). In contrast, the spleen size was equal in both groups. Abnormal position of liver, spleen, left, and right kidney was observed in eight, six, five, and four patients, respectively. Unprotected liver (cm) under the chest boundaries at STL and MCL was significantly more often seen in the GOC group as compared to the control group (Fig. 2) . In two patients, the liver was located in the lower abdomen reaching into the pelvis. In these two, one kidney was located cranial from the liver. In one patient the gallbladder was located at the ventral aspect of the liver.
Discussion
The treatment of GOC is still under discussion. In the last decades, several surgical techniques have been described. Primary closure with acceptance of high abdominal pressure gives rise to circulatory problems. Also lead to pulmonary or circulatory problems [1, 2, 6, 7, 9, 12, 16] . Independent of the definitive treatment of closure of the abdominal wall, the position of the liver and of other visceral organs in patients born with GOC differs from the normal position, and it is unclear if the position changes during life. To our knowledge, this is the first study, which demonstrates a persistent abnormal position of liver, kidneys, and spleen in most GOC. In two patients, the liver was even located in the lower abdomen and pelvis. Incisional hernias were present in 11 patients of which the liver was located in front of the defect in ten, sealing off the defect to such extent that no complaints or symptoms were present. This explains the absence of protrusion of small bowel and/or fat tissue at physical examination.
Zaccara et al. [17] studied the shape and position of liver and spleen in patients with abdominal wall defects (gastroschisis and omphalocele). They found larger index liver size and spleen volume in comparison with normal healthy persons as published by Dittrich et al. [5] . Over the last decennia welfare and most of all, food intake habits have changed anthropometry, which makes it quite difficult to compare these results with data that were obtained 20 years earlier. In our study we used for peer group reference, a control group matched for gender, age, and BMI. There was no difference in spleen volume between the patient group and controls. Zaccara et al. found a normal position of liver and spleen in patients with abdominal wall defects. In contrast, our study detected an abnormal position of the liver and spleen in eight and six patients, respectively. This difference can be explained by the heterogeneity of the group. In gastroschisis, the liver is not included in the defect. Furthermore, it is unclear if the liver was included in the omphalocele in all patients of their series and not only in GOC.
The high incidence of abdominal wall hernias in our patient group can be explained by high tension still present during primary or staged closure of the abdominal wall. This could plead for initial non-operative treatment after birth and secondary closure if disproportion of the abdominal wall and visceral organs has decreased. Secondary closure using the component separation technique shows promising results with no incisional hernia after a median follow up of 23.5 month [14] .
A striking finding was the liver beneath the abdominal wall defect in ten of the 11 patients that theoretically may be quite vulnerable for blunt abdominal trauma. However, literature of traumatic liver rupture in GOC is scarce, and therefore, no evidence is available as to what should be the best treatment option for this specific group.
Even if no herniation was detected, an unprotected liver beneath the ribcage was significantly more present in the patient group as compared to the controls. Studying the ultrasound data, it seems that the volume of the liver is significantly larger and is located more medial and caudal in comparison with the control group. This explains the significant higher grade of unprotected liver.
In literature, there is only one paper describing a perforation of small intestine inside an undetected internal hernia sac after blunt trauma at the age of 40 years [13] . Even in patients with ventral hernia, intestinal perforation after blunt injury seems to be rare [10, 15] .
In case of acute abdomen or caesarean birth, knowledge of an abnormal position of the liver or of other abdominal organs may be of importance for the choice of the surgical access to the abdomen to prevent damage to the liver and other abdominal organs.
Therefore, good documentation and information of the parents may be of pivotal importance for both patient and surgeon and recommendation of a pre-operative ultrasound should be given. The question remains as to what extent we have to advise exclusion of contact sports and other risk behaviour since information of true increased incidence of blunt trauma in these patients is not available in the literature. However, good information of potential risks to the patients is part of good clinical practise.
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